Background. The present study was designed to evaluate if electro-acupuncture (EA) could affect oligo-/anovulation and related endocrine and neuroendocrine parameters in women with polycystic ovary syndrome (PCOS). Methods. Twenty-four women (between the ages of 24 and 40 years) with PCOS and oligo-/ amenorrhea were included in this non-randomized, longitudinal, prospective study. The study period was defined as the period extending from 3 months before the first EA treatment, to 3 months after the last EA treatment (10-14 treatments), in total 8-9 months. The menstrual and ovulation patterns were confirmed by recording of vaginal bleedings and by daily registrations of the basal body temperature (BBT). Blood samples were collected within a week before the first EA, within a week after the last EA and 3 months after EA. Results. Nine women (38%) experienced a good effect. They displayed a mean of 0.66 ovulations/woman and month in the period during and after the EA period compared to a mean of 0.15 before the EA period (pΩ0.004). Before EA, women with a good effect had a significantly lower body-mass index (BMI) (p∞0.001), waist-to-hip circumference ratio (WHR) (pΩ0.0058), serum testosterone concentration (pΩ0.0098), serum testosterone/sex hormone binding globulin (SHBG) ratio (pΩ0.011) and serum basal insulin concentration (pΩ0.0054), and a significantly higher concentration of serum SHBG (pΩ0.040) than did those women with no effect. Conclusion. Repeated EA treatments induce regular ovulations in more than one third of the women with PCOS. The group of women with good effect had a less androgenic hormonal profile before treatment and a less pronounced metabolic disturbance compared with the group with no effect. For this selected group EA offers an alternative to pharmacological ovulation induction.
hormones to the hypothalamus and pituitary, resulting in disturbances in the pulsatility of gonadotropin releasing hormone (GnRH) release (3) .
It has been suggested that the elevated concentrations of LH are due to an abnormal feedback by estrogens (4) (5) (6) (7) and that the high tonic concentrations of LH in PCOS are detrimental to follicular growth (5, 6) . The low concentrations of SHBG are associated with a relative increase in unbound concentrations of androstenedione and testosterone concentrations, which may further increase clinical expressions of hyperandrogenism, such as hirsutism (4) (5) (6) (7) . Obesity is also seen and associated with insulin resistance and decreased SHBG as well as, in many cases, increased testosterone concentrations (8) (9) (10) . Also psychological stress has been suggested to be more prevalent in women with PCOS (11, 12) .
The etiology of PCOS is complex and probably multifactorial, and there is still disagreement whether the primary cause of the condition is located in the ovaries or in the central nervous system. Two hypotheses have emerged, involving the nervous system at two levels.
One of the hypotheses suggests that PCOS is due to an insufficient central b-endorphin inhibition of GnRH. This hypothesis is supported by studies showing that b-endorphin exerts a tonic inhibitory control on the GnRH pulse generator and on pituitary LH release (13) (14) (15) . That b-endorphin plays a role in PCOS is also supported by the finding of elevated b-endorphin concentrations in plasma and the related hyperinsulinemic response. Interestingly, elevated b-endorphin concentrations are also seen following stress (11, 12, 15, 16) . The second hypothesis is based on the finding that experimentally induced PCOS in rats is associated with hyperactivity in the peripheral sympathetic nervous system (17, 18) . It has been demonstrated that rats with experimentally induced PCOS have increased concentrations of norepinephrine (NE) and a decreased number of b-adrenoreceptors in the ovaries. Also, transection of the superior ovarian nerve in the experimentally induced PCOS rats restored estrous cyclicity and ovulatory capacity (17, 18) . Taken together, this would suggest that PCOS is associated with an elevated sympathetic tone in the ovaries resulting in steroidal hyperresponsiveness.
Women with PCOS need some long-standing treatment to diminish their increased risk for endometrial-cancer, hypertension and type II diabetes (1) . Traditional treatment in women with PCOS and anovulation is pharmacological induction of ovulation and the first choice is an antiestrogen -most commonly, clomiphene citrate (19) . Antiestrogens are very effective, but side-effects such as nausea, multiple pregnancy and ovarian hyperstimulation syndrome are common (2) . A need for alternative C Acta Obstet Gynecol Scand 79 (2000) or complementary methods that allow the substitution or reduction of pharmocological interventions clearly exists. An alternative method to pharmacological induction of ovulation, known to influence both central b-endorphin systems and the sympathetic tone, is electro-acupuncture (EA) (20) (21) (22) . Interestingly, Gerhard and Postneck (1992) have shown that, in infertile women with hormonal disturbances and anovulation, both auricular acupuncture and hormonal treatment resulted in equal pregnancy rates. In a previous study on 11 anovulatory women (eight with PCOS), EA was shown to induce ovulation in 5 of 13 menstrual cycles (23) . This ovulation induction was associated with increased hand skin temperature and decreased plasma b-endorphin concentrations (23) . The effect of EA on anovulation was attributed to an inhibition of a hyperactive sympathetic nervous system (24) . Recently we have also reported that repeated EA treatments in infertile women due to a high uterine arterial blood flow impedance resulted in increased blood flow (25) . The effects were attributed to a decreased activity in the sympathetic vasoconstrictor fibers innervating the uterus (25) . The above findings and experimental observations support the possibility that EA could influence PCOS.
The aim of the present study was to elucidate the effect of EA in anovulatory women with PCOS. The outcome measures were basal body temperature and menstrual pattern. We included a large number of endocrine and neuroendocrine parameters to exclude major endocrine dysfunctions and also, in relation to ovulation and acupuncture, to allow for a more general investigation of the effects of EA in PCOS.
Materials and methods

Subjects
After approval by the Ethics Committee of Gö teborg University and informed consent from the patients, 26 women with PCOS were included in this non-randomized, longitudinal, prospective study. They were between the ages of 24 and 40 years (mean 32 years). Two women were excluded because they were unable to attend the treatments.
Inclusion criteria were amenorrhea or oligomenorrhea with no more than four spontaneous bleedings per year and a typical ultrasonographic presentation of PCOS (multiple subcapsular follicles and thickened ovarian stroma) (26) . Out of the 24 women 19 were clomiphene resistant, i.e. they had not ovulated on 150 mg clomiphene citrate for 5 days. All the ultrasound examinations were performed by transvaginal ultrasonography (Siemens Sonoline SL 200, serial number: SE00104, Germany) by one of the authors (UW). No hormonal treatment had been given for 3 months prior to the start of the study or throughout the entire study period. Therefore, no hormonal treatment for 6 months before EA. The study started 3 months before EA.
Electro-acupuncture (EA)
EA was given twice a week for 2 weeks and then once a week, altogether 10-14 treatments. The needles were inserted intramuscularly to a depth of 15-40 mm in acupuncture points selected in somatic segments common to the innervation of the ovary and uterus (Th12-L2, S2-S4) (27) . The location and stimulation of the needles were the same in all women ( Table I ). The needles (Hegu: Hegu AB Landsbro, Sweden) were made of stainless steel and were inserted and rotated to evoke 'needle sensation', often described as variable feelings of tension, numbness, tingling and soreness and reflecting activation of muscle-nerve afferents (A-delta fibers and possibly C-fibers). Four needles at the thoracolumbal and sacral level and four needles in the calf muscles were then attached to an electrical stimulator (WQ-6F: Wilkris & Co. AB, Stockholm, Sweden) and stimulated with low frequency (2 Hz) pulses of 0.5 ms duration for 30 minutes. The intensity was sufficient to cause non-painful local muscle contractions. Manually stimulated needles were rotated five times during each treatment session (Table  I) . All the acupuncture treatments were given by two of the authors (E S-V and UT).
Biochemical assays
Blood samples were drawn from an antecubital vein on three occasions; 1) within 1 week before the first EA treatment, 2) within 1 week after the last EA treatment and 3) 3 months later. Serial sampling for LH and cortisol determinations were done with 30-minutes intervals during 4 hours (8 samples). LH and cortisol values are the mean of the serial samplings from each woman.
Serum LH and follicle stimulating hormone (FSH) were determined by immunoenzymometric assays (LH and FSH: AxSYM system; prolactin, IMx A system, Abbott Laboratories, Diagnostics Division, Abbott Park, IL, USA; upper reference limit for serum prolactin is 350 mIU/l). Serum testosterone was determined by a non-extraction competitive radioimmunoassay (RIA) using RSL 125I Testosterone (DA, ICN Pharmaceuticals, Inc., Costa Mesa, CA, USA; upper reference limit 3 nmol/l). Serum androstenedione was determined by a nonextraction competitive RIA (Coat-A-Count Direct Androstenedione, Diagnostic Products Corp, Los Angeles, CA, USA; reference intervals: age 20-29, 4.2-14.7 nmol/l; age 30-39, 21.7-7.7 nmol/l). Serum sex-hormone binding globulin (SHBG) was determined by using an immunoradiometric assay (IRMA) (Orion Diagnostica, Finland; reference interval 30-90 nmol/l). Serum cortisol was determined by RIA using Farmos Diagnostica RIA (Farmos Diagnostica, Espoo, Finland; reference interval: 200-800 nmol/l). Fasting serum insulin was determined by RIA using Pharmacia Insulin RIA 100 (Pharmacia, Sweden; reference interval ∞20 mU/l). Serum thyrotropin (TSH) were determined by immunoluminometric assay (Lumitest TSH, Brahms Diagnostica, Berlin, Germany; reference intervals: nonsmokers 0.4-4.0 mIU/l, smokers 0.1-4.0 mIU/l). Total T4 and T3 were determined by double antibody RIA:s (Diagnostic Products Corp, Los Angeles, CA, USA; reference intervals: T3, 1.5-3.0 nmol/l; T4, 60-160 nmol/l).
Blood samples for analyses of regulatory peptides were collected in prechilled tubes containing EDTA and centrifuged at 2200 ¿g for 15 min at π4aeC within 1 hour. The plasma was separated and stored at ª20aeC. For determination of the various peptide concentrations using RIA, the samples were analyzed in serial dilutions optimized to linear part of the standard curve and corrected for nonspecific binding. Total interassay coefficient of variation, detection limit and normal reference intervals were: immunoreactive calcitonin gene-related peptide (CGRP) ∞12%, 10 pmol/l and ∞40 pmol/l, respectively; immunoreactive b-endorphin (negligible cross-reactivity against b-lipotropin i.e. ∞1.5%) ∞10%, 10 pmol/l and 30-45 pmol/l, respectively; immunoreactive neuro peptide Y (NPY), ∞7%, 12 pmol/l and ∞130 pmol/l, respectively; immunoreactive galanin, ∞10%, 10 pmol/l and 70-110 pmol/l, respectively; immunoreactive gastrin (antibody no. 7835, from Dr. J Rehfeld, Rikshospitalet, Copenhagen, Denmark), ∞8%, 5 pmol/l, ∞50 pmol/l, respectively. Adrenocorticotropic hormone (ACTH) was determined by immunoradiometric assay (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA), reference interval 2.0-11.5 pmol/ l.
Skin temperature
The skin temperature was measured with a digital infrared thermometer (Microscanner D-series: Exergen, Watertown, Mass., USA). The accuracy of this self-calibrating equipment is ∫0.3aeC and the reliability is ∫0.1aeC. The recording sites were between the applied acupuncture needles in the sacrum and in the forehead, both in the midline. The measurements were made during the first, fifth and tenth EA treatments. The first measurements were made after 10 minutes' rest and just before EA. These were the 'baseline' values. Thereafter, further measurements were made every seventh minute during EA and one immediately after EA. The room temperature was constant during the three experimental sessions.
BMI and WHR
Measurements of body-mass index (the weight in kilograms divided by the square of the height in metersΩBMI) and waist-to-hip circumference (waist hip ratioΩWHR) measured with a soft tape, at the level of the umbilicus and the spina iliaca anterior superior with the women in the standing position, were made before the EA treatments and after the study period.
Study definitions
The study period was defined as the period extending from 3 months before the first EA treatment, to 3 months after the last EA treatment, in total 8-9 months.
The menstrual and ovulation patterns were confirmed by recording of vaginal bleedings and by daily registrations of the basal body temperature (BBT) throughout the entire study period.
C Acta Obstet Gynecol Scand 79 (2000) The outcome in terms of ovulation pattern was measured as the difference between the time periods 1) 3 months before EA on the one hand, and 2) the treatment period plus the 3 months following on the other hand.
A woman was defined as having experienced a good effect if the BBT disclosed repeated ovulations (or pregnancy) during the treatment period and in the following 3 months. A woman was defined as having experienced no effect if the ovulation pattern did not differ before, during or after treatment.
Statistics
Fisher's permutation test was used for group comparison (good effect versus no effect) regarding BMI, WHR, hormones, steroids, neuropeptides and skin temperature. Fisher's test for paired comparison was used for analysis of difference before EA versus within a week after EA and 3 months after EA in a) all women, b) in women with good effect and c) in women with no effect regarding ovulation, hormones, steroids and neuropeptides.
All tests were two-tailed and differences were considered to be statistically significant when p∞0.05. The confidence interval (CI) was given when p∞0.05.
Results
Ovulations
Of the twenty-four women, nine had experienced a good effect (38%) and fifteen no effect (62%). Of the nineteen women who were clomiphene resistant, seven had experienced a good effect (37%) and twelve no effect (63%). The group of nine women on whom EA had had a good effect displayed a total of 4 ovulations in the period of three months (in total 27 months) before EA treatments (0.15 ovulations/ woman and month). This increased to 31 ovulations in the period during and after EA treatments (in total 47 months) (0.66 ovulations/woman and month) (Fig. 1) . The difference was significant (pΩ0.004, CIΩ2.0, 4.0). The number of ovulations per woman and month did not change in the group with no effect.
BMI and WHR
Compared to the group of women with no effect, the group of women with good effect had a significantly lower BMI [ 
Gonadotropins, prolactin, steroids and neuropeptides
When analyzing all included women together and comparing blood samples before the EA period with the samples 3 months after the EA period, a significant increase in mean prolactin concen-C Acta Obstet Gynecol Scand 79 (2000) trations (pΩ0.022, CIΩ9.6, 66.7) and a significant decrease in mean LH/FSH ratios (pΩ0.042, CIΩ ª0.51, ª0.01), in mean testosterone concentrations (pΩ0.016, CIΩª0.43, ª0.05) and in mean b-endorphin concentrations (pΩ0.013, CIΩª11.6, ª1.6) were found (Table II) . No other significant changes could be detected when comparing all the women together.
Before EA, the group of women having experienced a good effect had significantly higher mean SHBG concentrations (pΩ0.040, CIΩ9.5, 32.3) and significantly lower mean testosterone concentrations (pΩ0.0036, CIΩª1.6, ª0.2), testosterone/ SHBG ratios (pΩ0.011, CIΩª0.14, ª0.02) and mean basal insulin concentrations (pΩ0.0054, CIΩ ª24.0, ª6.5) than did the group of women who had experienced no effect (Table III) .
Comparisons of the blood samples taken before EA and 3 months after EA showed that only in the group of women with good effect did the mean prolactin concentrations increase significantly (pΩ 0.047, CIΩ38.3, 167.1) (Table III) .
Comparisons of the blood samples taken before EA and within 1 week after EA showed that, in the group of women with no effect, the mean testosterone concentrations decreased significantly (pΩ0.044, CIΩª0.35, ª0.01) and mean TSH concentrations increased significantly (pΩ0.011, CIΩ 0.1, 0.9) (Table III) .
No other significant changes were found when values were compared within each of the effect groups.
Skin temperature
Zero time (0 minutes) was chosen to be after 10 minutes of rest before the start of an EA treatment, and the skin temperature at this time was referred to as the baseline temperature. During the EA treatments C Acta Obstet Gynecol Scand 79 (2000) the skin temperature on the forehead increased significantly during all three experimental sessions, but there were no significant changes in the temperature of the skin covering the sacrum (Fig. 2 ).
Discussion
The main finding of the present study is that repeated EA treatments with low frequency (2 Hz) induce regular ovulations in more than one third of the women with PCOS. In addition, it was possible to identify a distinct subgroup of PCOS women who responded well to EA. They were almost consistently characterized by comparatively low BMI, WHR, basal insulin and testosterone serum concentrations, but high SHBG serum concentration. Consequently, they were less androgenic and had a less pronounced metabolic disturbance. Also, these women had a significant increase in serum prolactin in response to EA. Except for one woman, all of the women with good effect had responded already during the EA period. Interestingly, in two of the women considered to have experienced a good effect, the ultrasonographic pictures taken of the ovaries 3 months after the EA period showed a disappearance of the multifollicular pattern.
In severe PCOS, the LH/FSH ratio is high, as are the concentrations of testosterone and b-endorphins. Interestingly, in the present study the LH/FSH ratio, the testosterone and b-endorphin concentrations decreased significantly following EA. Also, EA significantly increased the skin tem-C Acta Obstet Gynecol Scand 79 (2000) perature on the foreheads of the PCOS women. It is thus possible that additional EA treatments would result in a higher overall success rate.
The results of the present study suggest that EA effects ovulation in women with PCOS. The exact mechanism behind this effect is unknown. Two hypotheses of the etiology of PCOS have emerged involving either an insufficient central b-endorphin inhibition of GnRH release or hyperactivity in the peripheral sympathetic neurons innervating the ovaries. Are there plausible explanations for the effects obtained with EA?
In acupuncture both physiological and psychological mechanisms may be involved. The EA stimuli excite mechanoreceptors with low and high thresholds in muscles and other tissues. Particular significance has been given to a group of receptors, denoted ergoreceptors, (28) (29) (30) found in muscles and physiologically excited during muscle contractions. It can be argued that EA and physical exercise with repetitive muscle contractions similarly activate these receptors and afferents. Both EA and muscle exercise result in the release of b-endorphin via two different systems (22) . One system includes the hypothalamus and neuronal network that projects to the midbrain and brainstem nuclei; via this route it exerts an inhibitory effect on the vasomotor center resulting in a decreased sympathetic tone (20, (31) (32) (33) (34) . Via another system, b-endorphin is released in the blood in equimolar amounts to adrenocorticotrophic hormone (ACTH) (35) . The two b-endorphinergic systems operate independently, (36) but both can be stimulated by afferent nerve activity. The described findings with regard to the central b-endorphinergic release and the decreased sympathetic tone support the idea that EA may be effective in PCOS (20, 22, 25, (37) (38) (39) (40) (41) (42) (43) .
As pharmacological induction of ovulation in women with PCOS is associated with negative side effects, alternative or complementary methods are needed. Although the details are unknown, experimental and clinical evidence suggests that EA can reset the sympathetic system via b-endorphinergic mechanisms at the hypothalamic and brainstem levels. We propose that it is reasonable to believe that ovulation induction by EA does not cause serious side-effects or multiple pregnancies.
Interestingly, seven out of nine women who had experienced a good effect were clomiphene resistant, indicating a possibility that EA might serve as an alternative to second line therapies (ovarian drilling and gonadotropin treatment) in ovulation induction.
It is obvious to the authors that randomized, comparative studies are needed to verify the results of this study in conjunction with ultrasound to determine precisely what is happening at the ovarian level and to exclude nonspecific effects. However, even if all of the effects were to be attributed to nonspecific effects, the results are impressive.
Considering all of these facts together, we suggest that EA may be an alternative or a complement to pharmacological induction of ovulation in women with PCOS who have a minor metabolic disturbance.
